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Abstract 
The present work consists of the study of the influence that the relative humidity has in the simulation of the monthly 
billing during the period of summer in houses and buildings of warm climates, using as tool a developed thermal 
simulator in Excel where monthly relative humidity hourly averages throughout all the summer are used while, 
another simulator (SIMTER-C) developed in Visual Basic uses a polynomial monthly hour relative humidity function 
throughout all the summer, this function was obtained from hour humidity historical registries relative of Mexicali 
Baja California from 1997 to 2012. 
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1. Introduction 
Thermal comfort is that condition of mind that expresses satisfaction with the thermal environment. 
Because there are large variations, both physiologically and psychologically, from person to person, it is 
difficult to satisfy everyone in a space. The environmental conditions required for comfort are not the 
same for everyone. Extensive laboratory and field data have been collected that provides the necessary 
statistical data to define conditions that a specified percentage of occupants will find thermally 
comfortable (ASHRAE Standard 55-2010). 
People in general when carrying out their daily activities must feel in a comfortable atmosphere, what 
does this mean? , that from the point of view of the temperature, the atmosphere should not be very hot 
nor very cold but neither must be very humid or very dry and the air must have a suitable speed. In the 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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2010 version of Standard 55, Thermal Environmental Conditions for Human Occupancy, there are six 
primary factors that must be addressed when defining conditions for thermal comfort: Metabolic rate, 
Clothing insulation, Air temperature, Radiant temperature, Air speed and Humidity. But for this study 
were used three principal factors: 
Table 1. Intervals of comfort (ASHRAE Standard 55-2010) 
Factor Intervals 
 Clothing insulation 0.5 Clothing insulation 1.0 
Air Temperature 23.4 Ԩ – 26.7 Ԩ 22.3 Ԩ – 23.4 Ԩ 
Relative humidity 65 Ψ – 55 Ψ 80 Ψ – 70 Ψ 
Air speed 0.2 ௠௦  0.2 
௠
௦  
 
In hot-dry climate cities like Mexicali, the per capita consumption is 5924 MWh/year, 3.5 times more 
than the national average. The high temperatures during summer about 41.8 C (maximum average 
temperature) during July and August in the city generate conditions of thermal discomfort in dwellings. 
Therefore, the use of air conditioning equipment and non-thermal adequate constructions promote high 
electrical consumptions (Romero, 2013), resulting in a greater invoicing. That is the reason for the present 
study, to analyze the influence of the hour relative humidity in the calculation of the monthly billing 
during the period of summer. Calculations were performed using one simulator that was developed in 
Visual Basic (Halvorson, 2009). 
The Transfer Functions (CTF) method recommended by the ASHRAE can be considered the most 
modern tool currently available for the hourly thermal analysis of building constructions. It is particularly 
well suited for use with a computer as it makes it possible to describe the internal heat gain of walls using 
small set of coefficients with great accuracy. Therefore, currently, the most commonly used building 
energy and HVAC system simulation programs (Wang, 2001). The Transfer Functions (CTF) is one of 
three based concepts of the Transfer Function Method (TFM). 
The SIMTER-C is based on the Transfer Function Method (TFM) for the calculation of heat gains of 
the covering construction, that later becomes cooling loads and finally monthly invoicing. In the said 
calculation the heat gain should be taken into account due to the infiltration, which depends also on the 
hour specific humidity of the region. Then, one of the intentions of the present work is to develop a 
mathematical function that allows to determine the relative humidity monthly hour average, being based 
on an historical study of the hour relative humidity for Mexicali and that incorporates of more realistic 
way its effect as well as to analyze its impact in the thermal load of a surrounding one. Also, to calculate 
the monthly invoicing using the tariff of the region (CFE, 2012) and the relative humidity mathematical 
function to finally, make a comparison with the one obtained with a thermal simulator based on the 
methodology of transition function written in Excel that is the one that is currently being used in the 
Institute of Engineering. The thermal simulator in Excel is based on the same methodology, only that 
considers a daily humidity average for the period of summer to realize the calculations of infiltration. 
 
Nomenclature 
ܪ ௝ܴǡ௞ Relative humidity hourly average every day a month, Ψ 
ܪܴ௜ǡ௝ǡ௞ Relative humidity hourly, Ψ 
ܪܴ௞ Relative humidity monthly hourly average of the historical years, Ψ 
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ܦ௝ǡ௞ Percentage of deviation, Ψ 
ݍ௟ǡ ݍ௦ Latent and sensible heat gain (Infiltration and Ventilation), ܹ 
߱௢ǡ ߱௜  Outside, inside air humidity ratio, ݇݃ݓܽݐ݁ݎݒܽ݌݋ݎ ݇݃݀ݎݕܽ݅ݎൗ  
௢ܶǡ ௜ܶ  Outside, inside air temperature, Ԩ 
ܳ Ventilation airflow, ݉ଷ ݏൗ  
ȣሺݐሻ Dimensionless temperature 
ۃ݉ۄǡ ܣǡ ܤ Coefficients of adjustment for the function of Fourier of hour temperature 
௠ܶ௔௫ǡ ௠ܶ௜௡  Maximum, Minimum temperature, Ԩ 
ܪܩ Hour- Degree 
ܶ଴ Temperature of reference, Ԩ 
ݐ ൌ ͳǡʹǡ͵ǡ ǥ ǡ ʹͶ Hours of the day 
݊ ൌ ͳǡʹǡ͵ǡ ǥ ǡ ʹͶ  Days of study for the function of Fourier 
ܮ Hour of the day 
ܯ Day of the month 
ܰ Number of historical years whereupon is counted for the study 
 
2. Methodology 
2.1. Historical relative humidity registry for Mexicali B.C. 
The group of meteorology of institute of engineering of the Universidad Autónoma de Baja California 
(UABC) is the one in charge to realize the measurement of the hour relative humidity of Mexicali, as well 
as to take a registry of the hour relative humidity of Mexicali for different years. These registries were 
provided by the Department of Energy, of the same academic unit, to make a detailed study of the 
behaviour of the relative humidity throughout the years for Mexicali, see Fig 1(a), At first, it is possible to 
observe that the hour relative humidity for a day has been changing with the passage of the years; due to 
this the relative humidity hour daily average is taken for statistical processing. 
In the Fig 1(b), shows the behavior of the daily hourly average of relative humidity for day 11 of May 
for the years 1997 to the 2012. In this way the behavior of the hour humidity becomes more stable for the 
statistical processing, then, it is necessary to have as much historical information on the hourly relative 
humidity. 
The polynomial function obtained for the relative humidity must be expressed in specific humidity 
hourly monthly average for Mexicali, and thus used in calculation of hours heat gain for infiltration 
and/or ventilation, when you are performing a thermal study for different constructions in the city, since 
before that the monthly daily average of specific humidity for the summer period was used. 
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Fig. 1. (a) Relative humidity hourly (CNA, 2012); (b) Relative humidity monthly hourly average 
The polynomial function obtained for the relative humidity must be expressed in specific humidity 
hourly monthly average for Mexicali, and thus used in calculation of hours heat gain for infiltration and 
ventilation, when you are performing a thermal study for different constructions in the city, since before 
that the monthly daily average of specific humidity for the summer period was used. 
2.2. Historical relative humidity analysis for Mexicali B.C. 
In order to carry out the statistical processing of the humidity registries and to obtain a model of 
adjustment of the same the following procedure was used: 
 
x Tabulation of the daily hour relative humidity by every month of every year.  
The hour relative humidity data tabs corresponded to the months of January to December of years 
1997 to the 2012 for Mexicali. This adjustment was made for a better management of information and to 
do the graphic according to the hourly behaviour of the relative humidity of each day and to visualize 
more clearly the behaviour of the relative humidity when doing the statistical processing, which seeks to 
obtain an adjustment function for the hourly comportment of relative humidity. 
x Calculation of the relative humidity hour average for every day of a month. 
Once tabulated the daily hour relative humidity per month for each year, the relative humidity is 
calculated. For this, the values of relative humidity of a particular day and hour of the historical years are 
added and then divided between the total of historical years, these results are put in a new table.  
This is realized through the following equation: 
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2056   Emilio Hernández et al. /  Energy Procedia  57 ( 2014 )  2052 – 2061 
x Calculation of the relative humidity monthly hour average of the historical years. 
An average with the historical years is made, that consists of adding the relative humidity for one hour 
determined for every day of a selected month and dividing in the total of added relative humidity (days of 
month by number of historical years), which are tabulated again. 
The relative humidity monthly hour average of the historical years is calculated through the following 
expression: 
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x Calculation of the percentage of deviation between the relative humidity hourly average of each day of 
a month and the monthly hour average of relative humidity of the historical years. 
It consists in subtracting the relative humidity hourly average for each day of a month, the relative 
humidity monthly hour average of the historical years and to divide it by the relative humidity hour 
average for each day of one month and that result is multiplied by 100, as it is shown in the following 
equation: 
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This is done to determine if the value of relative humidity hour average for each day of one month 
change from the value of relative humidity monthly hour average of the historical years and in this way to 
calculate a monthly hour standard deviation.  
Having the deviation percentage the monthly hour standard deviation is calculated and the average is 
done of those standard deviations, if this average is between 10% - 15% it can be adjusted to an equation, 
applying an appropriate adjustment method. For example for the month of May an average of deviation of 
9.25% was obtained. 
To the relative humidity monthly hour average it was applied a polynomial adjustment of order 3 to 
order 6, having as a result that the polynomial of order 6 that has one r2 superior to 0.993 for the month of 
May (see fig 2), is the best approach of the relative humidity monthly hour average that was calculated of 
historical years. The polynomials of order 5, order 4 and of order 3 for the month of May have one r2 of 
0.976, 0.971 and 0.927 respectively, also are a good approach and a little simpler to manually solve that a 
polynomial of order 6, but it was decided by the polynomial of order 6, because this one was programmed 
for its resolution in the thermal simulator. 
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Fig. 2. Polynomial adjustment of order 6 for relative humidity for May 
2.3. The transfer function method 
The Transfer Function Method (TFM) is a tool able to solve heat transfer problems in building 
envelopes and environments and it is recommended by the American Society of Heating, Refrigerating 
and Air-conditioning Engineers (ASHRAE). Authors have investigated TFM mathematical features, 
especially concerning the reliability and the quality of the thermal dynamic simulations (ASHRAE, 
2009). 
The Transfer function method (TFM) is based on three concepts: 
x Transfer Functions (CTF) 
x CLTD/SCL/CLF Method 
x Total Equivalent Temperature Differential Method (TETD) 
The American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) counts 
on an ample data base for the calculations of transition functions by conduction and factors of 
consideration that are used for the estimation of the heat-hour gains towards a conditioned space 
(McQuiston, 1992). 
In the Institute of Engineering of the independent UABC, in the Department of Energy the transfer 
function method for the conditions and regional injunctions adapted using the computer systems, 
climatologic data and technical and economic parameters (ASHRAE, 2009). The results have been 
validated with measurements and field monitoring, besides an historical study of consumption, demands 
and electrical billing using the tariff of the region, through diverse projects and works from 1997 to the 
2012. The modifications to the transfer function method done by the Department of Energy consist of the 
calculation of the hour temperature, the use of hour-degree to correlate load of cooling and heat 
retirement and the use of the relative humidity as a polynomial adjustment of order 6 in the calculation of 
heat gains by infiltration.  
2.4. Infiltration and Ventilation Heat Gain 
Ventilation is intentional introduction of air from the outside into a building; it is further subdivided 
into: 
x Natural: Flow of air through open windows, doors, grilles, and other planned building envelope 
penetrations, and it is driven by natural and/or artificially produced pressure differentials. 
x Mechanical: Intentional movement of air into and out of a building using fans and intake and exhaust 
vents. 
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Infiltration is the flow of outdoor air into a building through cracks and other unintentional openings 
and through the normal use of exterior doors for entrance and egress. Infiltration is also known as air 
leakage into a building.  
This is one of the gains more difficult to quantify at the time of making the thermal simulation due to 
the fact that this is very subjective because it is not possible to estimate the exact amount of air to 
infiltrate the envelope of a construction (ASHRAE, 2009).  
 iol Qq ZZ  3010   (4) 
 ios TTQq  23.1   (5) 
2.5. Hour temperature 
The temperature of a certain region can be represented with a periodic function with respect to the 24 
hours of the day. In the Department of Energy of the Institute of Engineering of the UABC with an 
historical study of temperature of the region was developed a mathematical model based on a periodic 
function of Fourier that describes the behavior of the hour temperature for any day of the year. This 
function is the following one (Campbell, 1995 and 2008): 
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In order to determine the coefficients of adjustment of the function of Fourier historical registries of 
experimental hour temperatures were used, obtaining the values shown in Table 2 for the city of Mexicali, 
B.C. 
Table 2. Coefficients of adjustment of the periodic function of Fourier 
Code City ۃ݉ۄ ܣ ܤ 
1 Mexicali, México 0.497743 0.273307 0.353372 
2 Tijuana, México 0.597687 -0.383147 0.256394 
3 Ensenada, México 0.574846 -0.396128 0.163373 
4 Hermosillo, México 0.529575 0.234586 0.352428 
2.6. Hour – degree 
It is a criterion that is used to correlate a group of days bases on the summer to obtain a function that 
allows characterizing the power behavior of a construction as far as consumption, demand and billing. 
The hour-degree is represented by the following equation (Pérez, 2003): 
³ ³    TextTref ttTdtdTHG 240   (12) 
Solving the double integral it is obtained: 
   > @minmax0max 0.5341224 TTTTHG                                                             (13) 
3. Results 
Several cases practical in both simulators were run in Excel and SIMTER-C to validate the results of 
SIMTER-C and these same cases served to obtain results of heat gains by infiltration being used the 
monthly hour relative humidity function developed from relative humidity historical registries in Mexicali 
from 1997 to the 2012, see Fig 3(a), (b). 
  
   
Fig. 3. (a) Results of the simulator in Excel; (b) Results of the simulator in Visual Basic 
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We determine the variation that exists in the calculation of the heat gains by infiltration using both 
simulators and we determine its effect in the monthly billing of the House. 
For a selected day of the period of summer, the results of infiltration with the simulator developed in 
Excel and SIMTER-C are of 6.8% and 5.5% respectively. It is possible to be observed that these results 
do not differ significantly to each other, as well as more ahead will show that the consumption and the 
monthly billing for the House vary, also, in a little significant proportion, because the gains by infiltration 
represents around 5% - 7% of the total of the heat gains for the surrounding one of a construction. 
An In Table 2 is shown the similarity in the obtained results for the consumption and billing for the 
period of summer in the simulator for the house. For the simulator in Excel the consumption and billing is 
of 7,362.11 kWh and $ 5,654.77 pesos respectively, whereas for the SIMTER-C is of 7,432.28 kWh and  
$ 5,773.50 pesos. 
Table 3. Results of consumption and billing for the House using the simulator 
Month SIMTER-C 
Cooling load 
ሺݐ݋݊ሻ 
SIMTER-C 
Heat gain 
ሺݐ݋݊ሻ 
SIMTER-C 
Consumption 
ሺܹ݄݇ሻ 
SIMTER-
C Billing 
ሺ̈́݌݁ݏ݋ݏሻ 
Excel 
Consumption 
ሺܹ݄݇ሻ 
Excel     
Billing 
ሺ̈́݌݁ݏ݋ݏሻ 
Deviation in 
consumption 
ሺΨሻ 
Deviation 
in billing 
ሺΨሻ 
May 852.18 738.04 1,090.46 685.91 1,083.84 681.47 0.61 0.65 
Jun 1,197.59 978.46 1,383.16 1,052.35 1,366.53 1,025.74 1.22 2.59 
Jul 1,458.25 1,165.95 1,620.97 1,441.86 1,597.80 1,404.55 1.45 2.66 
Ago 1,515.51 1,201.71 1,663.88 1,515.67 1,639.32 1,476.01 1.50 2.69 
Sep 1,031.59 858.32 1,233.32 822.88 1,221.33 803.46 0.98 2.42 
Oct 256.37 234.21 440.49 254.83 453.30 263.54 -2.83 -3.31 
Summer   7,432.28 5,773.50 7,362.11 5,654.77 0.95 2.10 
 
        
Fig. 4. Monthly consumption and billing during the summer 
The Fig 4, the data chart of consumption and billing during the summer period for the house calculated 
with both simulators, these graphs show that the deviation during every summer months for the 
consumption and billing is very low, therefore will also correspond a small deviation for the totality of the 
consumption and the billing for the summer. As the deviation for the consumption is observed in Table 2 
and billing in the summer period between both simulators is of 0.95% and 2.10%. 
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4. Conclusions 
The Excel version uses a daily monthly average relative humidity (Campbell, 2008), throughout the 
summer period to calculate heat gain by infiltration and ventilation whereas with the version in Visual 
Basic (SIMTER-C) a polynomial monthly hour relative humidity function is used developed from relative 
humidity historical registries in Mexicali from 1997 to the 2012. According to the results shown there is 
no a significant deviation in the heat gain by infiltration or ventilation between the two simulators, 
therefore one can concluded that in regions with dry climates as Mexicali it can be used the daily 
humidity monthly average throughout all the summer. But as a level of analysis it seems important and 
innovative to have a polynomial to calculate the relative humidity monthly hour average for different 
cities of warm climates. 
This difference in the calculation of the heat gains by infiltration and ventilation between both 
simulators does not exceed the 1.3%, which indicates that the effect of hour monthly variation is not 
appreciable. Additionally, the effect of infiltration or ventilation is a small part of the load of cooling of 
the construction reason which is why a significant deviation in the consumption and billing in the results 
of both simulators does not exist, these being 0.95% and 2.10%, respectively. 
At the end of the study other contribution is the thermal simulator development which is called 
SIMTER-C, based on the Transfer Function Method (TFM) and Hour-Degree Methodology used to heat 
gains calculation of a building envelope, which are then converted in cooling loads and finally monthly 
billing. SIMTER-C allows a thermal evaluation for building of easily and quickly to unskilled users, by 
having a database of building systems and climatological data for the different cities of Mexico. These 
characteristics makes SIMTER-C a very complete thermal simulator for warm climate Mexico's regions. 
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